The word endophyte means "in the plant" and refers to all microorganisms that live in the intercellular spaces of stems, petioles, roots and leaves of plants causing no apparent symptoms of disease. Seven endophytic fungi were isolated from the medicinal plant of Ocimum basilicum L. The fungal strain, labeled as 2L, was cultivated at large scale on the potato dextrose agar semi solid medium and was extracted with ethyl acetate. Normal phase silica gel column chromatography of the ethyl acetate extract afforded ergosterol (1), secalonic acid A (2) and secalonic acid D (3). The structures of these compounds (1-3) were elucidated unequivocally by UV, IR, MS, a series of 1D & 2D NMR analyses. The cytotoxicity of these compounds was evaluated by the MTT assay against human pancreatic cancer cell line. Secalonic acid A (2) and secalonic acid D (3) exhibited significant anti-pancreatic cancer activity with IC 50 values of 7.3 and 1.6 µM, respectively.
INTRODUCTION
Pancreatic cancer is an aggressive cancer which usually leads to death sentence. It has been estimated that 29,200 new cases are diagnosed a year in the United States and more than 30,000 in Europe. [1] [2] Ductal adenocarcinoma of the pancreas is the fourth causative of death from malignant disease in the world. 3 Despite the application of new combination of chemotherapy and radiation therapy, prognosis of patients with pancreatic cancer remains very poor. 4 Gemcitabine is currently the drug of choice for treatment with the response rate of 23.8% in pancreatic cancer patients. 5 However, the relatively low response of gemcitabine means that there is still an urgent need for new and more efficient therapies. Endophytic microorganisms are a rich source of bioactive compounds with great potential in contributing to the discovery of new lead structures for future drug development. With the bioactive strains, it is possible to cultivate them in large scale by fermentation to yield the active compound(s) in larger amount rather than destroying natural plant resources. Ocimum basilicum Linn (Tulsi) is one of the important medicinal plants of Bangladesh. We, now report the isolation of endophytic fungi from O. basilicum and isolation of ergosterol (1), secalonic acid A (2) and secalonic acid D (3) from one fungal strain, and their in-vitro anti-cancer activity against human pancreatic cancer.
MATERIALS AND METHOD
General. UV and IR spectra were recorded on Shimadzu UV 160A and Shimadzu IR-470 spectrophotometer, respectively. Mass analyses were performed on Thermo Instruments MS system (LTQ XL/ LTQ Orbitrap Discovery). The 1 H and 13 C NMR spectra were acquired on a Varian 600 & 100 MHz spectrometer, respectively. Media was prepared under Laminar flow (Thermo Forma, Class 11 A1; Biological safety cabinet). The culture media was sterilized using HIRAYAMA autoclave (Hirayama MFG Corp.).
Plant collection and sterilization. The medicinal plant, O. basilicum locally known as Tulsi was collected from University of Dhaka. Different parts (leaves, stems and roots) of the plant were cut into small pieces. Each plant part was surface sterilized with 70% ethanol, 3% sodium hypochlorite and sterile water.
Isolation, culture and extraction of endophytic fungi. The surface sterilized plant materials were inoculated on autoclaved potato dextrose agar media on a sterilized petridish and after 21 days, seven fungal strains were isolated for identification. One fungal strain labeled as 2L was cultivated at large scale on semi solid potato dextrose agar medium. After 21 days the fungi were collected in a round bottom flask and the content was freeze-dried. The dried powdered material was extracted with ethyl acetate (1500 ml x 3 for 24 h, at room temperature). The combined ethylacetate extract was evaporated to dryness (800 mg).
Chemical studies of the ethyl acetate extract.
The ethyl acetate extract (800 mg) was fractionated by normal phase silica gel column chromatography using n-hexane as column equilibrating solvent. After application of the sample, solvents of increasing polarities from 100% hexane to dichloromethane (DCM) followed by 5% MeOH in DCM and finally 50% MeOH with dichloromethane were used for elution. The fraction collected from 100% DCM gave single spot in TLC and was collected as pure compound 1 (22.8 mg) after washing with n-hexane. Compounds 2 (16.0 mg) and 3 (14.0 mg) were isolated from column the fraction eluted with 5% MeOH in DCM by repeated column chromatography. Cell culture. Human pancreatic adenocarcinoma cell line BxPC-3 (ATCC) were cultured in RPMI 1640 medium (with 25 mM HEPES) (Gibco) supplemented with 10% (v/v) foetal calf serum (Biosera, UK) and 1% streptomycin (100 µg/ml)/ penicillin (100 U/ml) (Gibco, UK). Cells were incubated at 37°C in a humidified atmosphere containing 5% CO 2 in an incubator HERAcell 150 i (Thermo Scientific) and the cells were grown in 25 or 75 cm 2 flasks. Medium was changed every two days and when flask was at confluence, cells were split in another flask.
Cytotoxic activity. BxPC-3 (1 x 10 4 cells/100 µl) cells were seeded in 96 well plates. After 24 hours, the compounds (1-3) (100 µl/well; 24-72 hrs) were added to each well to give a final concentration of 1.0-40.0 µM. After 72 hours of incubation, the cell culture medium was removed and 100 µL of sterile-filtered (0.22 µM filter) 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) solution (1 mg/ml in serum free medium) was added to each well. The plates were incubated for 4 hours, at 37 °C. The MTT solution was carefully removed and DMSO (200 µl) was added to each well. The addition of DMSO allows the dissolution of the metabolized MTT product. The plates were shaken for 20 minutes, at room temperature and the absorbance results quantified by measuring at 560 nm on a 96 well plate reader (Epoch BioTech, UK and its software Gen5, Version 1.09).
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RESULTS AND DISCUSSION
A total of three compounds (1-3) were isolated from the fungal strain 2L isolated from O. basilicum. 2) in compound 1. These spectral data of 1 were found to be identical to those reported for ergosterol. 7 Thus, it was identified as ergosterol (1). The anticancer activity of the isolated compounds was also evaluated. Human pancreatic cells (BxPC-3) were treated with to ergosterol (1), secalonic acid A (2) and secalonic acid D (3), and gemcitabine. Gemcitabine was used as positive control since it is the current drug of choice to clinically treat pancreatic cancer. The anti proliferative effects were evaluated with final concentrations ranging from 0.5 to 40 µM after 72 hrs drug exposure, resulting in a dose-dependent inhibition of cell growth, quantified by MTT assay (Fig. 1) .
Both secalonic acids revealed very good cytotoxicity with IC 50 values of 1.6 and 7.3 µM for secalonic acid D and secalonic acid A, respectively. However, the positive control gemcitabine and the third compound ergosterol, isolated from O. basilicum only demonstrated cytostatic properties and therefore corresponding IC 50 could not be determined (Table 1 ). Although, ergosterol and secalonic acid derivatives were isolated earlier we report here the successful isolation and characterization of secalonic acid derivatives and ergosterol from endophyte of O. basilicum as well as the first in vitro studies of these compounds on pancreatic cancer cell lines. [3] [4] [5] Our studies revealed that secalonic acid derivatives (2 and 3) exhibited potent cytotoxic properties and therefore these may be considered as promising candidates for future development in the search for more effective treatment for pancreatic cancer.
CONCLUSION
The medicinal plant, Ocimum basilicum L. is a good source of endophytic fungi which, in turn, permits the biosynthesis of biologically active molecules.
